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TAB- I.40larradiation i n t m ’ h s  during February, 1917-Continued. 
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Table 2 shows very low vapor pressures at the above 
stahons on the days when these high readings were 
obtained. 
TABLE 2.- Vapor pressures at pyrkliometric stations on  days when solar 

radiation i.ntem.tiea were measured. 
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Table 3 shows about the normal amount of radiation 
for the month at  Washin ton and Lincoln, and an excess 
of about 17 per cent at  dadison. 
TABLE 3.-Daily totals and departures of solar and sky radiation ditrilig 

February, 1917. 
[l:ramesloriea per square centimetcr of horizontal surface.] 
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In  Table 4 the high value of the solar constant ob- 
tained from the A. M. measurements of February 1 at 
Lincoln is probably due to the presence of local smoke 
during the morniig, and its assing away before noon. 

from the A. M. measurements of February S at Santa Be 
is probably due to the effect of local smoke. It will be 
noted that in general the solar constant values obtained 
are slightly higher than Abbot’s average value. 
TABLE 4 . 4 o l a r  radiiiiion intensities for zenithal siin reduced to mean 

solardistame of the earth, and approximate idues of the solar constant. 

[Oram-mlorii=s pcr minute per squaw centimeter oi normal surface.] 

Radiation intensity. 

Likewise, the low value of t E e solar constant obtained 
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Skylight polarization measurements made at Wash- 
ington on four days when there was no snow on the ground 
give an average of 65 cr cent, nnd a maximum of 69 
per cent on the 10th. I F l  ese are about average values for 
Wsshington for February. 

ERRATUM. 

In  the MONTHIX WEATHER REVIEW for November, 
1916, p. 615, column 2, the equation for corn uting the 
sun’s hour angle from the meridian shorrld rea 2 
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This correction should also be made where this equa- 
tion occurs in the reprint of the article, viz, at the bottom 
of page 6. 

.s.r/. 5 7 E  ( 74’- 
THE SMOKE CLOUD AND TEE HIGH HAZE OF 1916. 

By HERBERT H. KIMBALL, Profeaaor of Meteorology. 
[Dated: Weather Bureau, Washington, D. C., Mar. 27,1917.1 

Description qf the m o k r  cloud. 
During the last four or five days in July, 1916, a dense 

cloud of snioke overspread easteiii New York and the 
New England States. A parently it waa first observed 
in northeastern New Yor R - 011 July 37, but its maximum 

have been observed in northern New 
was described 8,s “dark” 
and Westboro, Mass., a.nd 
Bu1-ea.u stations in Maine, 

four in New Ham shire, two in Vermont, and one each in 
Massachusetts, R P lode Island, and Coimecticut. 

During this same period smoke, mostsly from forest 
fires, was recorded at many stations in Michigan, and haze 
or sinoke, but usually haze, was rec,orded at a few stations 
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in Ohio, Kentucky, Indiana, Illinois, Wisconsin, Iowa, 
and Nebraska. It was npt recorded in Tennessee, MIS- 

brilliant twilight colms of July 3041, 1916. 

Near the outer edge of the smoke cloud brilliant twi- 
light colors, ~;lsuaUy p d ,  were recorded on July 30 or 31, 
at the follomn stations: 

Westboro, lfass.; Providence, R. I.; Hartford and 
New Haven Corn.; Ithaca and Binghamton, N. Y.; 
Plainfield, d. J: Lewisburg, Pa - Baltimore, Easton, 
and Fallston, Md.; Washington, 3. C.; Richmond and 
University, Va.; Elkins and Piedmont, W. Va.; McCon- 
nelsville, Ohio; Lansing, Mich.; and Keokuk, Iowa. 

Cause of the smoke cbud. 
This smoke cloud undoubtedly came from forest fires 

in Ontario, Canada, res cting which the director of the 
Canadian Meteorologic ape Semce writes as follows: 

Foreat firea became rather prevalent in northern Ontario after July 
20, and on July 29 and 30 a fire of unusual dimensions and fury swept 
over a tract of country about 60 milea square centered about lat. 
48O 4Y N. and long. 81’ W. 

The amoke became very dense in the Canadian Maritime Provinces 
on the 30.th, and that date is *!re s oken of as the “dark day.” On 
the eve of that day I receive8a telegram from a judge at St. 
A n d r e m y e w  Brunswick, asking for an explanation of the extraor- 
dinary phenomenon. It appears probable to me that with the 
exceeding great intensity of this fue the smoke may have reached 
higher atmoepheric levele than is usual in more moderate fires. 

O b s m h  of the high smolie or haze of July-August, 1916. 

Outside of New England and eastern New York, where 
the smoke cloud was densest, a high haze of unusual char- 
acter was uite generally observed, apparently drifting 

bama, Mississi i, and Louisimafrom July 31 to August 2; 
inTexas fromJ!&30 to August 4; at Roswell, N. Mes., from 
August 2 to 4; in Arizonafrom August 4 to 7; and in south- 
ern California from August 2 to 9. The following extracts 
from observers’ notes will make clear the character of this 
haze : 

bfadiaon, Wk., July 27-.29.-Haze 80 thick it waa poeaible to look at 
the suu an hour or more before suneet. 

Lincoln, Nebr., July 96.-Pyrheliomekic read- discontinued at 
8:09 a. m. on account of haze. Only about 2 10 Cu. clouds, but sky a 

The remainder gray cloud bank around the horizon to a h 
of the sky waa of a grayish blue tint, mpk%?y&cernible aa very 
light cirrus cloud forms. 

westward. % hus it was recorded at afew stations in Ala- 

pale yellow in the direction of the Bun. T 6 e haze wm visible m a 

Haze was also observed at Lincoln on the 27th, 28th, 
29th, and 31st, and on August 2-4. 

At the Aerological station, Drexel, Nebt., about 50 miles northwest 
of Lincaln, no record of haze was made except the following on Au st 
4: Very thin veil of cirrus haze visible at times in portions of sky E m  
11 a. m. to 7 p. m. 

Hahlwuia, N. J., July SO.-A dense haze rather than clouds. 
Ri~hnumd, Vu., July 3 1 . T h e  elevated stratum of smoke continued 

throughout the entire day, and together with some A. Cu. clouds wm 
d m n t  to prevent a record of sunshine. The disk of the sun wm 
faintly vbible d y  considerable portion of the day, but the light 
WBB not e l m  

Lfxkg%,%~~~enae has! revailed from p. m. of July 30 to a. m. 
of Jdr 31, when it became l&, and continued throughout the day. 

to cast a ahadow. 

Except for ita density, and ita apparent extent to a great h 

ing 1916. 
was not remarkable. It wag the only dense haze that occurre Yht* dur- it 

Special weight should be given the following notes 
which were made a t  Raleigh, N. C., by Assistant Ob- 
server Thomas R. Brooks, who had observed the dense 
haze of June, 1912, a t  Mount Weather, Va., and statea 
that he wt~s impressed with the similarity in the appear- 
ance of this latter haze to that of the haze of 1912. 

July 81.-The sky was overcast during the day by a heavy veil 
ranging in color from a bluish white near the zenith to a dull m y  at  
the horizon. This was carefully examined to determine whether it 
consiPted of cloud or haze. During the greater part of the day it was 
uniform throughout, exhildtin no irregularities of color or texture 
ewe t the gradual and natur3 change from zenith to horizon. In 
the &e afternoon, however, the sky near the sun became mottled in 
appearance and the vague outliues of clouds were seen within the 
immediate vicinity of the suu. The sun shone faintly all day and it 
wm noticed that shadows were fringed with a reddish tint and that 
sunlight streaming into a darkened hallway was tinged with a reddish 
color. 

Anniston, Ala-Haze wns recorded from July 31 to August 2. On 
the afternoon of the 31st the haze mas light, with increasing upper 
clouds. Only the red rays penetrated the haze and clouds, and the 
sun waa seen as a red disk. 
Meridian, Miss., h y .  1-2.4irrus haze cautused the sunlight to be 

dim. 
$an Antonio, Terc., dug. -9.-Dense haze; sun nearly obscured at  

sunset. 
Abikne, Tez., Azig. 4.-Haze dense enough to practically obacure 

cirrus or cirro-stratus clouds. 

sity to about August 
note was macle: “Sky streaked and fluted much like 
volcanic sky;” and on August S, “Sky like esterday; 

Tho notes indicate decreasing haziness until about 
August 29, after which date it was scarcely noticeable. 
The sky was generally described as milky, or streaky 
near the horizon in the direction of the sun. 

A note on the decrease in solar radiation intensities 
a t  Washington, D. C., Madison, Wis., and Lincoln, Nebr., 
due to this haze, will be found in the REVIEW for July, 
1916, 443382; and a description of the remarkable haze 
observed a t  Roswell, N. Mes., on August 2 4 ,  wi l l  be found 
in the REVIEW for October, 1916, 44:550. 

Meteorological conditions accompanying the huze and 
smoke. 

worse in morning, somewhat better in the a 9 ternoon.” 

From July 37-31 an area of hi h ressure (No. VI11 
on Chart 11, “Tracks of Centers of f i f  ig Areas,” MONTHLY 
WEATHER REVIEW, Jul , 1916) advanced fromQuebec 

bama. During this period there was considerable cloud- 
iness in the Atlantic Coast States, and especially along 
the New England coast; but the 20th waa generally 
clear north of Virginia, and the 30th was clear from 
southern New En land to Georgia. The winds were 

30th clear weather with southerly winds and high tem- 
peratures prevailed over the Central States. 
On August 1, from an area of high pressure central 

over the Great Lakes (No. I on Chart 11, “Tracks of 
Centers of High Areas,” this REVIEW, August, 1916) a 
ridge of high pressure extended southwestward into 
Texas. The extremity of this ridge became separated 

to the Maine coast, an II thence southwestward to A h  

generally light an i variable. From the 27th to the 
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from the main area, and persisted as a secondary HIGH, 
with a slow westerly dnft, until i t  disappeared over 
Colorado on August 4. 

F’rom the above it will be seen that the smoke and 
haze that covered the Atlantic Coast States at the end 
of July, 1916 and also the haze that extended froni 
Texas to California early in August, was first observed 
in an area of high pressure, where the seeing is usually 

d. The haze observed at about the same time in the 
E o  and Mississippi valleys, and westward to R’ebrska, 
occurred in connection wlth an uiiusually hot and dry 
period, which of itself would introduce great quantities 
of dust into the lower atmosphere. 

(( TwZight-dwu,s haze.” 

While as stated above, the high haze was scarcely 
noticeable during the daytime a t  Mount Wilson, Cal., 
after the end of August, 1916, a fine cirrus-like forma- 

Wilson on the morning of Se tember 4. At Tucson, 

zona, be an observing this high haze on September 16, 
1916.’ b e  states that “This structure usuall a pears 

From cloud shadows cast on’ this haze layer after sun- 
set he computed its height t,o be about 13 miles (19 kilo- 
meters) . 

Very similar to the above is Maurer’s description of 
the high haze observed in the Alps from the middle of 
July to the middle of November, 1916.5 The following 
is quoted from Nature (London) for December 38, 1916, 
983338: 

This remarkable o tical deterioration of the atmosphere was visible 
here (Zurich) until &out the middle of NolFember. The thin, cirrus- 
like layer could be seen on clear mornings just. before sunrise at a height 
of about 14-15 km. above the earth’s surface, according to our reckon- 
ing; that is to say, it waa sit.uated consideraMy ahove the usiial cirniR 
reDon. It consisted of thin horizontal bands, estremely delicate and 
soft, which Boon disap ared after sunrise. A curioi:~ fact was that no 
appreciable effect. e i g r  mtinometric or photometric, was produced 
by this thin. mistlike layer. The impression made was that of a most 
delicate, cometlike veil of mist, yet not dimming the starlight. After 
sunrise absolutely nothing was to be seen of the phenomenon, in spite 
of the keenest observation through field-glasses of a weak magnifyiiig 
power. * * * 

During the period of maximum visibility of the thin veil (twilight- 
cirrus), such a conspicuous layer was to he seen in the eaatern sky. 
shortly before ~ ~ n r i s e  and at a height of 10°, that even an uiiskilled 
observer would have noticed it at once. The structure of the layer 
waa often so reg~ilar and definite in ita remarkalile horizontal st.rotifi- 
cation that i t  looked as thou h an artist with a coarse brush hac1 colored 
the whole eaatern sky wi% long horizontal strokes not too neatly 
ltud on. 

Ariz., Dean A. E. Douglass, o P the University of Bri- 

as a faint soft etching of large numbers of para ? i f !  el ines.” 

Bdliant twi1igh.t colors c1u;rin.g the latter part qf 1916. 

In  addition to the observations of brilliant twilight 
colors on July 30-31, referred to above, brilliant twi- 
lights were quite generally recorded froni Texas west- 

1 SW this REVIEW November 1916 44: 6%. * See this REVIEW’ November’ 1916’44: 6%. 
‘See also- Maw& J Zur ktmokpharlschoptlschen Gtfirung des Sommers 1916. 

Wd , kar. Uher d e  h6&&n DIimmerungswolken., ibidem, p. 611419. 
LaaL V. ALmormale Dammerungserscheluungenim Sommer 1016, ibidem, p. 5m.- 
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ward to southern California during the first week in 
August. Thus, at  El Paso, Tex., the record reads: 

Light haze about 6 a. m. August 2. and continued until the forenoon 
of the 6th. During this od the aun’s appearance at ~ u n r i ~ e  and 
sunset was remarkably reBf” and the twilight colora gorgeous. 

Devcri tions of the phenomena as observed a t  Mount 
Wilson, 8d., and Tucson, A r k ,  have already been pub- 
lished in the MONTHLY WEATHER REVIEW for November, 
1916,44: 625-62i. 

These brilliant twilight colors were observed at  Los 
Augelcs, Cal., until the end of November, 1916. 

Astronomer W. P. Hoge writes, under date of March 
31, 1917,’that at Mount Wilson, Cal.: 

The phenomenon is still in evidence every clear morning, but with 
greatly reduced intensity. While not conspicuous it certainly still 
exists. The streamers crepuscular rays] that were so noticeable at 

can &ill be faintly seen. 
At Tucson, Dean A. E. Douglrlss,under date of March 9, 

1917, writes that ”The cirrus-like haze and the brilliant 
twilight low of last autumn have by no means disap 

In this connection it is of interest to note that in the 
Journal of the Royal Astronomical Society of Canada for 
February, 1917, I I: 79, Mr. A. F. Hunter states that in 
Canada the sunsets, and especially the afterglows, have 
been unusually brilliant during the past few months. 

Q w s e  of t7te nigh haze and the brilliant tdlighd ~0l0t-s. 
As already stated, the smoke cloud that covered New 

Tork and New England a t  the end of July, 1916, un- 
doubtedly originated in the forest fires that prevailed in 
Ontario, Canada. It is not possible to determine the 
southern or western boundary of this cloud; but there 
is no reason for su osing that it was in any way con- 
nect,ed with the higk%aze observed froni Texas westward 
early in August. We certainly can not suppose it to 
have been the cause of the high cirrus-like haze observed 
in Arizona and southern California from Aups t ,  1916, 
to March, 1917; or to have produced the brilliant twi- 
light colors that accompanied the haze. Rather, we 
must, attribute these latter to the same cause that ro- 
duced the brilliant twilights in Canada, and the [igh 
haze observed hi Switzerland. 

These phenomena have been attributed to a vafiety of 
causes, such as the gases arising from thf great battle 
iiclds of Euro e, cosmicaldust, and volcanic dust. The 
similarity of t.fe high haze of 1916 to that of 1912 has been 
here pointed out, and Prof. Riccb has cdFd atten- 
tion to the fact that Stromboli volcano was in vlolent 
eruption early hi July, 1916.‘ Unfortunately, definite 
data relative to the violence of the eruption, and the 
height to w1iic.h volcanic ash was thrown mto the atmos- 
phere, is lacking. At present, however, this eruption 
a pears to be the most robable sour? qf the pi& haze 

first are no longer visib f e, but the soft velvety canopy far to the east 

penred, a F though the latter has decreased in brilliancy.” 

o P 1916. The marked 2 iminution m its intenslty at the 
ih arising from the battle 

the source, then the 
layer-of fine dust that 
e height by an unusu- 

ally violent explosion, which dust3ecause of the fineness 
of its articles, falls more slowly than the denser lower 
cloud t fl at was made up of coarser particles. 

Since. above about 14 kilometers the wind velocity 
from the east increases quite rapidly with altltude, the 

4 Sea this REVIEW, Ootober, 1916,44: 550. 
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h e r  dust cloud, with its accompanying brilliant twilight 
colors, might well be observed in the clear atnios here 
of southern California some days in advance o f  the 
denser lower cloud, and, indeed, before the latter had 
been observed in States farther east. 

It also seems fair to assume that this volcanic dust 
waa at least m part the cause of the high haze observed 
over the South Atlantic States at the end of July.; and 
it ma have been a contributmg cause ?f the brilliant 
twilig E t colors observed on July 30-31 ui the eastern 
part of the United States. 

si/. 5 0  6 : 62-( 96 9 )  
FREE-AIB DATA IN T E E  H A W A W  ISLANDS, TIJLY, 1916. 

By Col. WILMOT E. ELLIS, Coast Artillery Corps, U. S. Army. 
[Dated: Fort Ruger, H. T., Jan. 23. YS. received Feb. 7,1917.1 

The tit.le of t’his article suggests that the usual parn- 
pheriialia of sounding balloons, captive balloons, or 
standard kites with self-reg~stering instruments were 
utilized in making OUT explorations, but such was l ici t  
the case. Our explorm a paratus consisted. of twi? 
“home-made” kites an% o f  cast-won projectlles fired 
from lz-inch sea-coast mortars. Alt!iough our esperi- 
mental S n g s  were conducted .primarily with a view to 
obtaining ballistical inforni+m, we incident,dy ob- 
tained considerable infonnatlon of interest t.0 tslie aero- 
logist. The purpose of this article is to discuss the 
result8 obtained with specia.1 reference to aerologv. 

Ex lorations of the upper air within the fiopics 
have een very limited in number and in the extent of 
the territory covered. There has been nonc whatever 
in our insular ppssessions? Systematic exploration 
work has been carned on at  Batavia in the Dutch Enst 
Indies. The chief of the 11. ,S. Weather Bureau in a 
letter to the commanding officer, Fort, Ruger, under dabe 
of September 10, 1915, states: 
A typical pilot balloon obeervation made by Mr. Van Benlmt?len, in 

charge of the observatory there [Bataxin], shows the brarle winc!s t,o Iw 
about 3 km. deep. with a velocitv of 5 m. p. R. The anti-t.rades exten:l 
from 3 to 17 km., their velocity increaaing gradually from 5 m. 1). s. at 
3 km. to 23 m. p. 8. at 14 km. The u per Drade winds extend from 17 
to 18 km., and have low velocities lib the surface trades. Between 
the 18-and 23-km.levels,ahigh westerlywind, velocitylOtol5m.p.s., 
tv88 found. Above this level, to the highest level explored, emterly 
winds again prevailed, reaching velocities of 40 m. p. s. in the vicimty 
of the 30-km. level. 

In  the Hawaiian Islands, the prevailing winds are the 
northeast trades snd have a temperature of about 7oOF. 
The relative humidit averages 65 per cent. These condi- 
tions are greatly moified by mountains and local convee 
tion currents. There are two principal ranges on the 
island of Oahu. The Koolau extends along the nortli- 
eastern or windward side. The Waianae range is on the 
.southwestern side. Both ranges are covered with dense 
vegetation. The elevation averages between 2,000 and 
3,000 feet, the highest altitude being about 4,000 feet. 
Between the two ranges is an elevated tableland. The 
moisture carried by the trades is largely p p i t a t e d  
upon these mountams, but they are not hi 

deep valleys on the leeward side. The trades are a t  
least 4,000 feet deep, and-as will be shown later--our 

keep the wind from sweeping over them an f throiig enouP the to 

~ ~ 

1 See however 0. L. Fa&: Kite flyingin theTropics. MONTELTWEATHEX  REVIEW^ 
Der. I h ,  31:5&567. 5 figs., for an aceoiint of uppr-air observations h means of kites 
during the expedition to the Bahiunss in 1903,under the aiispiccs of tzc Geogr~phir31 
SOClety Of Baltimore.-EDITOR. 

mortar firings indicate that they are about the same 
depth as the southeast trades at Batavia-approximately 
~ O , O O O  feet. The trades are generally interru ted by 

part of March. The konas are damp and blustering 
winds, warmer and more humid than the trades. As 
might be espected, the winds on the leeward side are- 
during tshe prevalence of the trades-more or less capri- 
cious. There is considerable diversity in wind directions 
well above the surface of the earth. True cirrus clouds, 
whose altitude ran es about 26,000 feet, are not common; 

with an anti-trade component. 
In  our systeiii of seacoast mortar firing, we use a 

series of imaginary zones described about the mortar 

“konas” or southerly gales, from November to t % e latter 

but, when observec s , they generally indicate a movement 

encounters in 

001. Rcferty’s e x p r i m n t s ,  J d y ,  1016, at Oahu. 

In  February, 1915, Col. W. C. Rafferty, Coast Artillery 
Corps, commander of the coast defenses of Oahu (lo- 
cated in and near Honolulu) obtained authority from 
the War Department to fire a series of 74 shots from the 
12-inch mortars. The pu ose of the firing was: 

in the ninth zone, and the 824-pound projectile m the 
eigh tnh zone ; 

2. To determine the law which governs the devia- 
tion due to mind; 

3. To discover any other information relating to 
mortar firing which may be useful to the service. 

The shots were distributed between two batteries, 
Battery Harlow a t  Fort Ruger near Diamond Head 
Crater, and Battery Hasbrouck a t  Fort Kamehameha 

Pearl Harbor. These batteries are about 11 
the former being about 53 miles east of 

and the latter about the same distance 

1. To determine the dri T t of the 700-pound projectile 

west thcreof. 


